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(54) Antenna apparatus and transmission and receiving apparatus using same 



(57) An antenna apparatus such that a dielectric 
strip (12) and a dielectric resonator (1 1) are provided to 
form a primary vertical radiator (40), another dielectric 
strip (13) is provided which is coupled to the dielectric 
strip (12) to form a directional coupler, and a radiation 
beam is tilted by changing the relative position of the pri- 
mary radiator (40) with respect to the dielectric lens (2) 
by displacing the primary vertical radiator in this direc- 
tional coupler. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an antenna appa- 
ratus. More particularly, the present invention relates to 
an antenna apparatus which is used in a radar or the 
like for transmitting and receiving an electromagnetic 
wave of a millimetric-wave band and a transmission and 
receiving apparatus using the same. 

2. Description of the Related Art 

Millimetric-wave radars to be mounted in motor 
vehicles are used in a system for supporting safe driving 
of automobiles. The millimetric-wave radar is used to 
measure the distance between an automobile which 
runs alongside another automobile and the other auto- 
mobile, or between an obstacle present around an auto- 
mobile and the automobile. Based on the measurement 
data, the speed control and braking of the automobile 
are performed so that collision into another automobile 
or an obstacle is prevented. 

Generally, a transmission and receiving module 
using a millimetric-wave radar incorporates a millimet- 
ric-wave oscillator, a circulator, a directional coupler, a 
mixer, an antenna, and so on. 

The vehicle on the right side in Fig. 21 radiates a 
millimetric wave from a radar by an FM-CW (Frequency 
Modulation-Continuous Wave) method to the automo- 
bile on the left side and receives a millimetric wave 
reflected by the automobile on the left side. The dis- 
tance between the right and left automobiles and the 
relative speed between the right and left automobiles 
are computed by a known computation method. 

The computation is performed by a signal process- 
ing section of Fig. 22. The result of the computation is 
transmitted to a control section. The control section 
causes a warning apparatus to operate when, for exam- 
ple, the driving velocity of the automobile on the right is 
equal to or higher than a predetermined value and the 
distance between the right and left automobiles is equal 
to or lower than a predetermined value. Or, the control 
section may operate a braking apparatus of the right 
automobile under given conditions. 

Since the directivity of the antenna used in the con- 
ventional millimetric-wave radar is fixed, inconveniences 
such as those described below occur. - 

As shown in Fig. 18, when separate automobiles 
are driving on two parallel traffic lanes, a millimetric 
wave transmitted from a radar of an automobile Cm may 
reach an automobile Ca and an automobile Cb in front. 
This is because adjustments cannot be made such that £ 
the directivity of the antenna is varied so that the milli- 
metric wave is radiated only to the automobile within the 
traffic lane in which the automobile Cm is driving. 



The millimetric wave which reaches the respective 
automobiles is reflected and received by the automobile 
Cm. Since the automobiles Cb and Cm are driving in 
separate traffic lanes, even if the automobiles Cb and 
5 Cm come too close to each other, the automobile Cm 
does not need to perform special safety control. 

However, in the automobile Cm, from which of 
either automobile Ca or Cb the received wave has been 
reflected cannot be identified. Therefore, when the vehi- 
10 cle-to-vehicle distance between the automobiles Cb 
and Cm is smaller than an allowable distance, control 
for safety is performed by the automobile Cm. 

Further, when the directivity of the antenna is fixed, 
inconveniences such as those described below occur. ' 
is An automobile Cm driving near the entrance of a 
curve in Fig. 19 radiates a millimetric wave B1; however, 
the millimetric wave does not reach the automobile Ca 
driving near the exit of the curve. 

Also in the case where a road has inclines and 
» declines, as shown in Fig. 20, in the automobile Cm 
driving before a slope while radiating the millimetric 
wave B1, the automobile Ca going on the slope is not 
detected. 

Therefore, the following method may be used in 
'5 which the direction of a radiation beam is changed to 
solve the above-described probl ems. 

For example, in Fig. 18, radiation beams B1. B2, 
and B3 are radiated respectively so as to make meas- 
urements for each direction. By comparing these 
o results, it is possible to detect the automobiles Ca and 
Cb individually. 

In the example shown in Fig. 19, the presence of a 
curve in front of the automobile Cm is recognized based 
on the steering-wheel operation, and the millimetric 
J wave B1 is switched to the millimetric wave B2. There is 
also a method for detecting a curve by analyzing the 
image input from the camera. Also in the example 
shown in Fig. 20, a slope is detected by analyzing the 
image input from the camera, and the millimetric wave 
40 B1 is switched to the millimetric wave B2. 

In the conventional radar system, the direction of 
the radiation of a radiation beam of an electromagnetic 
wave is changed by rotating the housing of the trans- 
mission and receiving apparatus which incorporates an 
45 antenna by a motor or the like. Since the housing 
includes parts other than the antenna, it is difficult to 
reduce the size of the mechanism for rotating the hous- 
ing. Therefore, it is difficult to rotate the housing at a 
high speed and to scan the radiation beam at a high 
>o speed. 

SUMMARY OF THE INVENTION 

An object of the present invention is provide an 
5 antenna apparatus and a transmission and receiving 
apparatus using the same having a small size and being 
capable of switching the directivity of the antenna at a 
high speed. 
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The antenna apparatus according to a first aspect 
of the present invention comprises a primary radiation 
element for radiating a radar wave and a dielectric lens 
for focusing a radar wave, wherein the primary radiation 
element is movable within the focal plane of the lens. 5 

The change of the position with respect to the lens 
of the primary radiation element causes the directivity of 
a radar beam radiated from the primary antenna appa- 
ratus to vary. Since the primary radiation element is rel- 
atively light-weight, an element driving apparatus may 10 
be of a small scale. Further, since the inertia of the pri- 
mary radiation element is small, it is possible to move 
the primary radiation element at a high speed, making 
high-speed scanning of the radar beam possible. 

In the antenna apparatus according to another 15 
aspect of the present invention, the direction of the 
center axis of the dielectric lens with respect to the radi- 
ation plane of the primary radiation element is variable. 

In the antenna apparatus according to still another 
aspect of the present invention, in order to displace the 20 
position of the primary radiator within the focal plane of 
the dielectric lens, as described in claim 3, the primary 
radiator comprises a first dielectric line serving as an 
input/output section, a dielectric resonator which is cou- 
pled to the first dielectric line, and an opening section 25 
from which an electromagnetic wave is radiated or is 
made to enter in the axial direction, a second dielectric 
lens is provided close to the first dielectric line in order 
to form a directional coupler, and the relative positional 
relationship between the dielectric lens and the primary 30 
radiator is changed in the coupled section of the first 
and second dielectric lines. Since a movable section 
which inputs and outputs signals to and from the pri- 
mary radiator as described above is formed of a direc- 
tional coupler formed of a dielectric line on the primary 35 
radiator side and another dielectric line, it becomes pos- 
sible to change the relative position between the pri- 
mary radiator and the dielectric lens while maintaining 
the coupling relationship. 

In the directional coupler, as described in claim 4, if 40 
the amount of coupling is made approximately 0 dB, 
transmission loss in the directional coupler is sup- 
pressed by as much as possible, and the efficiency of 
the antenna is not reduced. 

Further, as described in claim 5, in the antenna 45 
apparatus of the present invention, a transmission sec- 
tion, a receiving section, and a circulator for separating 
a transmission signal and a received signal are con- 
nected to the second dielectric line so that the antenna 
apparatus is used for both transmission and reception, so 
As a result, the primary radiator formed of the first die- 
lectric line and the dielectric resonator coupled to the 
first dielectric line, and a second dielectric line coupled 
to the first dielectric line can be used for both transmis- 
sion and reception, thereby preventing a larger size 55 
because the movable section is formed by using the 
directional coupler. 

Furthermore, in the present invention, as described 
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in claim 6, a driving section for changing the relative 
positional relationship between the dielectric lens and 
the primary radiator is provided in the antenna appara- 
tus described in one of claims 1 to 5 so that a transmis- 
sion and receiving apparatus is formed. As a result, a 
small transmission and receiving apparatus capable of 
scanning in the orientational direction of the antenna 
can be obtained. 

The above and further objects, aspects and novel 
features of the invention will become more apparent 
from the following detailed description when read in 
connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A, 1B, 1C, 1D t 1E, and 1F show the relation- 
ship between a dielectric lens and a primary radia- 
tor of an antenna apparatus, and the relationship to 
the tilt angle of a radiation beam according to a first 
embodiment of the present invention; 
Figs. 2A, 2B, and 2C show another relationship 
between a dielectric lens and a primary radiator of 
an antenna apparatus, and another relationship to 
the tilt angle of a radiation beam according to the 
first embodiment of the present invention; 
Figs. 3A and 3B show the measurement result of 
the tilt angle of the radiation beam with respect to 
the offset of the primary radiator from the dielectric 
lens; 

Figs. 4A and 4B show the measurement result of 
the tilt angle of the radiation beam when the angle 
of the dielectric lens with respect to the primary 
radiator is varied; 

Fig. 5 is a sectional view illustrating an example of 
the construction of a transmission and receiving 
apparatus according to the first embodiment of the 
present invention; 

Fig. 6 is a sectional view illustrating another exam- 
ple of the construction of the transmission and 
receiving apparatus according to the first embodi- 
ment of the present invention; 
Fig. 7 is a plan view of the transmission and receiv- 
ing apparatus according to the first embodiment of 
the present invention; 

Fig. 8 is a schematic diagram of a transmission and 
receiving apparatus according to a second embod- 
iment of the present invention; 
Figs. 9A, 9B, 9C, and 9D show the construction of a 
dielectric line for use in the transmission and receiv- 
ing apparatus; 

Figs. 10A and 10B are a plan view and a sectional 
view, respectively, showing the construction of a pri- 
mary vertical radiator; 

Rg. 1 1 shows the relationship between the primary 
vertical radiator and a dielectric-line apparatus; 
Fig. 12 is a partial perspective view of a directional 
coupler; 

Figs. 13A and 13B show the construction of the 
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directional coupler and the relationship to the char- 
acteristics thereof; 

Fig. 14 is a diagram of the whole, including a trans- 
rn.ss.on and receiving section of the transmission 

Z i^ &V,nQ ap P aratus . according to the second 
embedment of the present invention; 
Fig- 15 is a plan view illustrating the construction of 

VTI^T ^ and reCe,Vin9 a <*ording 
to a th.rd embod.ment of the present invention- 
Rgs 16A 16B, and 16C show three examples of a 
directional coupler in a movable section of an 
antenna apparatus according to a fourth embodi- 
ment of the present invention- 
HO. 17 shows an example of the directional coupler 
•n the movable section of an antenna apparatus 
'° 3 ,ifth emb ° diment 0f the P^en, 
Fig. 18 shows the situation in which the radiation 

Fig. 19 shows the situation in which the radiation 
beam is tilted in the horizontal direction in the vehi- 
cle-mounted radar; 

Fig. 20 shows the situation in which the radiation 
beam .s tilted in the vertical direction in the vehicle- 
mounted radar; 

FigJM shows the way the vehicle-mounted radar is 

US GO, BfiQ 

Z f< i 3 b u° Ck dia9ram il,ustra «"9 *he construc- 
tion of the vehicle-mounted radar. 



Ss PTION ° F ™ E PREFERRED EMBODI- 

transmfeZ Stri !? 0n ? a " antenna a *™ a ^ and a 
ftTSE . ^ e ' Vin9 9Ppara,US acC0rt *ng to a 
Sicrih^?r nt °' ,hS PreSent invention ™" be 
??2i1f toT reterence to Figs ' 1A> 1B ' 1C ' 1D ' 

hrtJ? ' !. A , t0 1F *"* the P 05 * 0 ™' relationship 
between a d.electric lens and a primary radiator and the 

ST A s r e directivrty °' 3 * 

radfator ^ nUmera ' 1 denotes a P»^y 
radiator, wrth a d.electr,c lens 2 being disposed with its 

rad.ajond.rect.on as the center axis. Figs M A. IB.and 

fixed^ndih. 6X8,7,316 " Wch dielecfric 2 is 
fixed and the pnmary radiator 1 is movable. As shown in 

Fig. I A. when the center axis of the dielectric lens 2 

coincxfes^theradiafond^ 

the' bGam B iS direC,ed ^ ^Tfronfof 
he d electrc lens 2. However, when the primary radia 

is ^asK^ "J* *• ^ - *• die-Stc 

di ^ n rJ. a ,Jn? n 0PP ° Site t0 the ^'acement 
™' 9S - 1D> 1E> and 1F show an example in 

lens 2 L Z»T y j;f at ° r 1 iS ,iX6d and *• d '^ctric 
ens 2 ,s movable. When the center axis of the dielectric 
lens 2 coincides with the radiation direction of the pri- 



mary radiator 1, a radiation beam B is directed toward 
the : front of me dielectric lens 2. However, when thedT 

T S 2 ? P ' aCed in 3 direction Perpendicular to 
the center ax.s thereof as shown in Figs. 1E and 1 F the 

5 SraS. B ^ ^ <0Ward dement 

h^' 9S " f 1 5 B , and 2C Sh0W a case in «** the angle 
between the d,electric lens and the primary radiator is 
varied to vary the direction of the radiation beam £ 

ntT h F 9 2A " Wh6n the radiation direc, ton of 
mary radiator 1 ,s directed in the direction of the center 
axis of the dielectric lens 2. the radiation beam B is 
dread toward the from of the dietectric .ens 2 Ho w 
ever, by varying the axial direction of the dielectric lens 

Tb a r n7?? T e primary radiator 1 as sh °- * £ 

difectn radiafon b6am B iS ir > «« 

th„ w R9S « 3A f" d 38 8ho " ,he measurement result of 
» 2L? r an9 ' e (tilt an9 ' e > of the nation beam 
f^ D a n e a 0 H h Un, °' dfe P' acemerrt (o^et) within me 
focal plane of the pnmary radiator 1 with respect to the 

SS" S? 2 " ^ HSre ' aS lhs die. JrS ens 2 
PE (polyethylene) of a relative dielectric constant .r=2.3 
s used, the open aperture N thereof is set at 75 mm the 
25 focal d.stance d thereof is set at 22.5 mm. and™' Z 
pnmary radiator 1. a horn antenna is used. By va Jng 
ttie amount of offset of the primary radiator 1 in a range 
of 0 to 5 mm as described above, the tilt angle of the 
radiation beam can be varied in a range of 0 to 7E 

tho w 9 V A 48 ^ the measurement result of 
fte dir^tiona. angle (tit, angle) of the radiation beam 
whe Mho ax.al direction of the dielectric lens 2 with 
• , Pnmary radia,or is ™ ied - Her e. as the 

mm 1 /I £ 0pen aperture N hereof is set at 75 
mm tn e foca , distance d ^ fe ^ 

Smi P " mary 1 radiator 1 - a Primary vertical radiator 
formed of a dielectric resonator which is excited by a 
non-rad.ative dielectric line (NRD guide) is used By var- 

X=" 9 a h an9 '-K ° f ,he die,ectric ,ens 2 ■» a range So to 
him T' bed ^ ^ tiB a "9'e of the radiation 
beam can be varied in a range of 0 to 9E 

Fig. 5 is a sectional view illustrating the construction 
o fa transmission and receiving apparatus. In Rg. 5. ref- 

r„« Ce i « nUmera ! 3 den ° teS 3 h0usi "9 which houses a 
ransmrtting and receiving section, including the primary 
abator 1. wrth the dielectric lens 2 being mounted to 

nrurnT 9 «, SeCt,0n ^ UPPef Part in F '"9- 5)- Within the 
so 2^2- ' Pnmafy radiator 1 is mounted via a driv- 

dsplaced .n a planar direction perpendicular to the radi- 

JZl"*?- Thfe dnVin9 Section 4 is fo ™ed of. for 
example, a linear motor or a solenoid. With this con- 

55 ^n?°? f ^ in Fi9s ' 1A ,0 1C. the relative posi- 
55 tional relationship between the dielectric lens 2 andihe 
primary radiator 1 is varied to tilt the radiation beam 

mo 51 18 3 SeCti0na ' View i,lustra ting another exam- 
ple of the construction of the transmission and receiving 
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apparatus. In Fig. 6, within the housing 3, the whole of 
the transmitting and receiving section, including the pri- 
mary radiator 1, is fixed, with the dielectric lens 2 being 
mounted onto the opening section of the housing 3 via 
the driving section 4. This driving section 4, which is 5 
formed of a linear motor, a solenoid, and the like, 
causes the dielectric lens 2 to be displaced in a planar 
direction normal to the center axis thereof. As a result, 
as shown in Figs. 1D to 1F, the dielectric lens is dis- 
placed with respect to the primary radiator in order to tilt 10 
the radiation beam. 

Also in the case where the angle of the dielectric 
lens with respect to the primary radiator is varied as 
shown in Fig. 2, basically, the construction shown in Fig. 
6 may be adopted. That is, in Fig. 6, each of two of the 15 
right and left driving sections 4 may be displaced to vary 
the axial direction of the dielectric lens. Further, when 
the angle of the primary radiator with respect to the die- 
lectric lens is varied, basically, the construction shown 
in Fig. 5 may be adopted. That is, in Fig. 5, each of two 20 
of the right and left driving sections 4 may be displaced 
to vary the axial direction of the primary radiator. In the 
above-described examples, for the sake of description, 
the primary radiator or the dielectric lens is displaced in 
directions within the plane of the paper surface, and as 25 
shown in Figs. 18 to 20, the primary radiator or the die- 
lectric lens may be displaced in the two-dimensional 
direction when the radiation beam is tilted not only in the 
right-to-left direction but also in the up-and-down direc- 
tion as in a millimetric-wave radar which detects a vehi- 30 
cle in the forward direction. Fig. 7 is a plan view of the 
transmission and receiving apparatus when viewed 
from the axial direction of the dielectric lens. In this 
case, by displacing the primary radiator 1 relatively in 
the x-axis and y-axis directions with respect to the die- 35 
lectric lens, the radiation beam is tilted in the x-axis and 
y-axis directions. 

Next, the construction of an antenna apparatus and 
a transmission and receiving apparatus according to a 
second embodiment of the present invention will be 40 
described with reference to Figs. 8 to 14. 

Fig. 8 is a schematic diagram illustrating the con- 
struction of the entire transmission and receiving appa- 
ratus. In this second embodiment, by displacing the 
primary radiator 1 in the right-to-left direction in the fig- 45 
ure within the housing 3, the radiation beam is tilted in 
the right-to-left direction in the figure. 

Figs. 9A, 9B, 9C, and 9D are partial perspective 
views illustrating the construction of a dielectric line for 
use in the transmission and receiving apparatus accord- so 
ing to the second embodiment of the present invention. 
In Figs. 9A, 9B, 9C, and 9D, reference numerals 101 
and 102 each denote a conductor plate. In the exam- 
ples shown in Figs. 9B and 9D, the dielectric line is 
formed with a dielectric strip 100 being sandwiched 55 
between these two conductor plates. In the examples 
shown in Figs. 9A and 9C, a substrate 103, together 
with dielectric strips 100a and 100b, are provided 



between the conductor plates 101 and 102, and a sub- 
strate having a surface parallel to the transmission 
direction of the dielectric strip is formed at the same 
time. The difference between Figs. 9A and 9B and Figs. 
9C and 9D is the presence or absence of the grooves 
for the conductor plates 101 and 102. When grooves 
are formed as in Figs. 9A and 9B, the spacing between 
conductor plates in the propagation area formed of a 
dielectric strip and a non-propagation area having no 
dielectric strip and the dielectric constant of the dielec- 
tric strip are set, the cut-off frequency of the LSM01 
mode is set to be lower than the cut-off frequency of the 
LSE01 mode, and transmission becomes possible 
always in a single mode of the LSM01 mode regardless 
of the radius of curvature or the like of the bend section 
of the dielectric strip. As a result, a smaller size can be 
achieved as a whole, and a lower loss can be achieved. 
The dielectric lines of each construction shown in Figs. 
9A, 9B, 9C, and 9D may be used as required. 

Figs. 10A and 10B show the construction of a pri : 
mary vertical radiator. Fig. 1 0A is a plan view when 
viewed from the radiation direction, and Fig. 1 0B is a 
sectional view of the essential portion thereof. A dielec- 
tric strip 12 and a cylindrical dielectric resonator 1 1 are 
provided between conductor plates 41 and 42, with a 
hole 43, which is coaxial with the dielectric resonator 
1 1 , being formed in the conductor plate 41 . Then, a slit 
plate 44 having a slit formed in the conductor plate is 
interposed between the dielectric resonator 1 1 and the 
hole 43. As a result, in the LSM mode in which occur an 
electric field having components at right angles (in the 
x-axis direction in the figure) to the length of the dielec- 
tric strip 12 and parallel (in the y-axis direction in the fig- 
ure) to the conductor plates 41 and 42 and a magnetic 
field having components perpendicular (in the z-axis 
direction in the figure) to the conductor plates 41 and 
42, an electromagnetic wave propagates within the die- 
lectric strip 12. Then, the dielectric strip 12 and the die- 
lectric resonator 1 1 are electromagnetically coupled to 
each other, and an HE111 mode having electric-field 
components in the same direction as that of the electric 
field of the dielectric strip 12 occurs within the dielectric 
resonator 1 1 . Then, a linearly polarized electromagnetic 
wave is radiated in a perpendicular direction (in the z- 
axis direction) via the hole 43 to the conductor plate 41 . 
When, conversely, an electromagnetic wave enters from 
the hole 43. the dielectric resonator 1 1 excites in the 
HE111 mode, and the electromagnetic wave propa- 
gates to the dielectric strip 12, which is coupled to the 
dielectric resonator 1 1 , in the LSM mode. 

Rg. 1 1 shows the relationship between the primary 
vertical radiator and a dielectric-line apparatus compris- 
ing a dielectric line coupled to the primary radiator. The 
top half of Fig. 1 1 is a plan view of the coupled section 
of a primary radiator 40 and a dielectric-line apparatus 
50. However, in Fig. 1 1, a state in which the upper con- 
ductor plate is removed is shown. The bottom half of 
Fig. 1 1 is a sectional view illustrating the relationship 
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between the primary radiator 40 and the dielectric lens 
2. A dielectric strip 13 is provided in the dielectric-line 
apparatus 50 as shown in the top half of the figure and 
the dielectric strip 12 of the primary radiator 40 is 
brought close to the dielectric strip 13, forming a direc- 5 
tional coupler formed of a dielectric line in the portion 
surrounded by the broken line in the figure. This direc- 
tional coupler using the dielectric strips 12 and 13 
causes an electromagnetic wave propagated from port 
#1 to propagate to port #4 at approximately 0 dB, that is, w 
a 0-dB directional coupler is formed. Even if the primary 
vertical radiator 40 moves in the right-to-left direction in 
the figure in this state, the coupling relationship of the 
directional coupler does not vary, and the electromag- 
netic wave propagated from port #1 is output to port #4 15 
always at approximately 0 dB. Conversely the electro- 
magnetic wave which is made to enter from port #4 
because of the excitation of the dielectric resonator is 
propagated to port #1 at approximately 0 dB. In the 
state shown in the figure, portions indicated by o and o' 20 
of the dielectric strip 12 correspond to a and b portions 
When the primary vertical radiator 40 is displaced at a 
maximum to the right in the figure, the pants n and n* 
coincide with the a and b portions. When, conversely, 
the primary vertical radiator 40 is displaced at a maxi- 25 
mum to the left in the figure, the points p and p' coincide 
with the a and b portions. Even if the primary vertical 
radiator 40 is displaced in this manner, since that por- 
tion of the dielectric strip 12 which is coupled to the die- 
lectric strip 13 is a straight-line portion, these are 30 
maintained always at a fixed amount of coupling. 

Fig. 12 is a partial perspective view of a directional 
coupler formed between the primary vertical radiator 
and the dielectric-line apparatus. In Fig. 12, reference 
numerals 51 and 52 each denote a conductor plate 35 
Since these two conductor plates 51 and 52 are close to 
the conductor plates 41 and 42 on the primary vertical 
radiator side, the continuity of the planes of the upper 
and lower conductors in which a dielectric strip is sand- 
wiched is maintained. As a result, the directional cou- 40 
pier operates in nearly the same way as a directional 
coupler in which two dielectric strips are provided side- 
by-side between two conductor plates. 

Figs. 1 3A and 13B show the directional coupler and 
the relationship of the power distribution ratio thereof, 45 
respectively. If the phase constant of the even mode of 
the coupling line formed of the dielectric strips 12 and 
13 is denoted as $e, the phase constant of the odd 
mode is denoted as $o, and )$ = *$e - $o* is set. the 
power ratio of the electromagnetic wave output to port so 
#2 to the electromagnetic wave input from port #1 is 
expressed as P2/P1 = 1-sin2 0$z/2) , and the power 
ratio of the electromagnetic wave output to port #4 to 
the electromagnetic wave input from port #1 is 
expressed as P4/P1 = sin2 0$z/2) . Therefore, if the ss 
relationship of 0$z/2) = nB + B/2[n:0,1.2...] is satis- 
fied, all of the input from port #1 is output to port #4, and 
thus a 0-dB directional coupler is formed. 



Fig. 14 shows the construction of the dielectric-line 
apparatus, including a transmission and receiving sec- 
tion, and the whole primary vertical radiator, with the 
upper conductor plate being removed. In Fig. 14, refer- 
ence numeral 53 denotes a circulator, in which a signal 
input from port #1 is output to port #2, and a signal input 
from port #2 is output to port #3. A dielectric line formed 
by a dielectric strip 14 is connected to port #1, and a 
dielectric line formed by a dielectric strip 15 is con- 
nected to port #3. An oscillator 55 and a mixer 54 are 
connected to the respective dielectric lines formed by 
the dielectric strips 14 and 15. Further, a dielectric strip 
16 which is coupled to each dielectric line to form each 
directional coupler is disposed between the dielectric 
strips 14 and 15. Terminates 21 and 22 are provided at 
both end portions of this dielectric strip 16. A varactor 
diode and a Gun diode are provided in the mixer 54 and 
the oscillator 55, and a dielectric line having a substrate 
shown in Fig. 9A or 9C interposed therein is formed to 
provide a circuit for applying a bias voltage to the varac- 
tor diode and the Gun diode. 

With such a construction, an oscillation signal of the 
oscillator 55 is propagated along the path of the dielec- 
tric strip 14, the circulator 53, the dielectric strip 13 the 
dielectric strip 12, and the dielectric resonator 11, and 
an electromagnetic wave is radiated in the axial direc- 
tion of the dielectric resonator 1 1 . Conversely, the elec- 
tromagnetic wave which enters the dielectric resonator 
1 1 is input to the mixer 54 along the path of the dielectric 
strip 12, the dielectric strip 13, the circulator 53, and the 
mixer 54. A part of the oscillation signal is provided as a 
local signal, together with the received signal, to the 
mixer 54 via the two directional couplers formed of the 
dielectric strips 15, 16, and 14. As a result, the mixer 54 
generates a frequency component of the difference 
between the transmission signal and the received signal 
as an intermediate frequency signal. 

Next, the construction of an antenna apparatus and 
a transmission and receiving apparatus according to a 
third embodiment of the present invention will be 
described with reference to Fig. 15. In this third embod- 
iment, a primary vertical radiator can be moved in a two- 
dimensional direction. As shown in the plan view of Fig. 
15, a dielectric line formed by the dielectric strip 13 is 
provided in a dielectric-line apparatus 60, and a dielec- 
tric line formed by a dielectric strip 17, a circulator 53 
and the like are formed in the dielectric-line apparatus 
50. The dielectric strip 12 provided in the primary radia- 
tor 40 and the dielectric strip 13 on the side of the die- 
lectric-line apparatus 60 form one 0-dB directional 
coupler, and the dielectric strips 1 3 and 1 7 form another 
0-dB directional coupler. The primary radiator 40 is pro- 
vided in such a manner as to be movable in the right-to- 
left direction in the figure with respect to the dielectric- 
line apparatus 60, and the dielectric-line apparatus 60 is 
provided in such a manner as to be movable in the ver- 
tical direction in the figure with respect to the dielectric- 
line apparatus 50. In this case, the dielectric-line appa- 



BNSDOCID: <EP__0852409A2J_> 



11 



EP 0 852 409 A2 



12 



ratus 50 is fixed. This makes it possible to move the 
position of the dielectric resonator 1 1 in a two-dimen- 
sional direction in a state in which there is hardly any 
loss in the coupler. 

Figs. 16A, 16B, and 16C are plan views showing s 
other examples of a directional coupler in the movable 
section of an antenna apparatus according to a fourth 
embodiment of the present invention, with an illustration 
of the upper and lower conductor plates being omitted. 
In the example of Fig. 16A, the dielectric strip 12 on the 10 
side which couples to the dielectric resonator 11 is 
formed as a straight line. In the example of Fig. 16B, the 
dielectric strip 13 on the side which couples to the die- 
lectric resonator 12 is formed as a straight line. In the 
example of Fig. 16C, one end of the dielectric strip 12 15 
which is coupled at its other end to the dielectric resona- 
tor 1 1 is kept at a fixed distance to and in parallel to the 
mating dielectric strip 13 up to the end portion. 

Fig. 17 shows an example of the construction of a 
directional coupler in the movable section of an antenna 20 
apparatus according to a fifth embodiment of the 
present invention. Although in the above-described 
examples a 0-dB directional coupler is formed as a 
directional coupler in the movable section, as shown in 
Fig. 17, terminaters 23 and 24 may be provided in one 25 
end of the dielectric strips 12 and 13. respectively, with- 
out forming one end portion of the dielectric strips 12 
and 13 as an open end. 

Although the above-described embodiments 
describe a primary vertical radiator using a dielectric 30 
resonator and a dielectric line, or a horn antenna as 
examples of the primary radiator, in addition to these, a 
microstrip antenna, such as a patch antenna, may be 
used. 

Many different embodiments of the present inven- 35 
tion may be constructed without departing from the 
spirit and scope of the present invention. It should be 
understood that the present invention is not limited to 
the specific embodiments described in this specifica- 
tion. To the contrary, the present invention is intended to 40 
cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the inven- 
tion as hereafter claimed. The scope of the following 
claims is to be accorded the broadest interpretation so 
as to encompass all such modifications, equivalent 45 
structures, and functions. 



lens (2) is provided so that the angle of the center 
axis of the dielectric lens (2) with respect to the pri- 
mary radiator (1) can be changed. 

3. An antenna apparatus according to claim 1 or 2, 
wherein said primary radiator (1) comprises a first 
dielectric line (12) serving as an input/output sec- 
tion, a dielectric resonator (11) which is coupled to 
the first dielectric line (12), and an opening section 
(43) from which an electromagnetic wave is radi- 
ated or is made to enter in the axial direction, a sec- 
ond dielectric line (13) is provided close to said first 
dielectric line (12) in order to form a directional cou- 
pler, and the relative positional relationship 
between said dielectric lens (2) and said primary 
radiator (1) is changed in the coupled section of the 
first and second dielectric lines (12, 13). 

4. An antenna apparatus according to claim 3, 
wherein the amount of coupling of said directional 
coupler is approximately 0 dB. 

5. An antenna apparatus according to claim 3, 
wherein a transmission section, a receiving section, 
and a circulator (53) for separating a transmission 
signal and a received signal are connected to said 
second dielectric line (13) so that the antenna 
apparatus is used for both transmission and recep- 
tion. 

6. An antenna apparatus according to daim 4, 
wherein a transmission section, a receiving section, 
and a circulator (53) for separating a transmission 
signal and a received signal are connected to said 
second dielectric line (13) so that the antenna 
apparatus is used for both transmission and recep- 
tion. 

7. A transmission and receiving apparatus, wherein a 
driving section (4) for changing the relative posi- 
tional relationship between said dielectric lens (2) 
and said primary radiator (1) is provided in the 
antenna apparatus according to claim 1. 



Claims 



1 . An antenna apparatus, comprising: a dielectric lens so 
(2) and a primary radiator (1), wherein the dielectric 
lens (2) and the primary radiator (1) are provided so 
that the position of the primary radiator (1) within 
the focal plane of the dielectric lens (2) can be 
changed. 55 



2. An antenna apparatus, comprising: a dielectric lens 
(2) and a primary radiator (1), wherein the dielectric 
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FIG.1(B) 
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FIG.2(A) 



FIG.2(B) 



FIG.2(C) 
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(57) An antenna apparatus such that a dielectric 
strip (12) and a dielectric resonator (1 1 ) are provided to 
form a primary vertical radiator (40), another dielectric 
strip (13) is provided which is coupled to the dielectric 
strip (12) to form a directional coupler, and a radiation 
beam is tilted by changing the relative position of the pri- 
mary radiator (40) with respect to the dielectric lens (2) 
by displacing the primary vertical radiator in this direc- 
tional coupler. 
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